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RESEARCH MEMORANDUM 

TRANSONIC AERODYNAMIC AND TRIM CHARACTERISTICS OF A 
MULTI-ENGINE DELTA- WING AIRPLANE MODEL 
By John M. Swihart and Willard E. Foss, Jr. 

SUMMARY 


f An investigation of three models of a delta-wing airplane designed 
fom-a long-range subsonic cruise and a supersonic dash has been conducted 
in the Langley l6-foot transonic tunnel A two-engine version of the 
airplane was tested at essentially zero lift and it was found to have a 
high transonic drag rise. The two four-engine models were designed 
according to area-rule concepts to have better performance characteris- 
tics than the two-engine model. The four-engine delta -wing airplane 
models were similar in all respects except that one had a plane delta 
wing with full-span elevens and the other had a cambered delta wing with 
partial-span elevons. The Mach number range of the investigation was 
from O .70 to l.Oo and the Reynolds number range was from 8.5 x 10& to 
15.3 x 10^ based on wing mean aerodynamic chord. The angle-of -attack 
range for the four-engine models was varied from about -3° to a value 
necessary to obtain a lift coefficient of about 0 . 3 . Model trim char- 
acteristics were obtained on the four-engine versions by deflecting the 
elevons from 0° to -2° and -4°. Both four-engine models were tested 
with four single-engine nacelles and two twin-engine nacelles. 
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The results of the investigation indicated that the four -engine deita^ - 
wisgJairplane models had considerably lower transonic-drag-rise increments 
than the two-engine nodel«^iut did not achieve the low transonic-drag-rise 
increment of a similar four-engine delta-wing configuration with a nearly 
parabolic axial distribution of cross-sectional area. The higher drag 
rise of the four-engine delta-wing airplane models compared with the more 
idealized four-engine configuration was attributed to an auxiliary hori- 
zontal aerodynamic surface in close proximity to the wing and to other 
dissimilarities including wing incidence of 3°, canopy, increase in wing 
thickness ratio, landing-gear fairings, afterbody shape, and different 
distributions of cross-sectional area above and below the wing-chord plane. 

( The camber edging models had higher values of maximum lift-drag ratio 
than the 'plane -wing models throughout the Mach number range investigated. \ 
The cambered-wing twin-engine nacelle configuration had the highest value''* 
of maximum lift-drag ratio for Mach numbers below 0.92. For trimmed 
flight with a static margin 3 percent of the mean aerodynamic chord at a 
lift coefficient of 0.25 (near cruising lift coefficient), the cambered- 
wing twin-engine nacelle configuration had highest lift-drag ratio and 
nearly constant eleven deflection over the Mach number range investigated. 
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INTRODUCTION 


Earlier tests of a two-engine delta-wing airplane model designed 
for a lor.g-range cruising flight and a supersonic dash indicated a high 
zero-lift drag' rise through the transonic speed range. In an effort to 
reduce the drag rise of this two -engine airplane model, a four-engine 
delta-wing configuration (model 1 of ref. 1 ) was designed based on the 
concepts of reference 2 to have an axial distribution of cross-sectional 
area similar to that of a parabolic body of revolution with a fineness 
ratio of 9* Data from the free-flight test of this configuration indi- 
cated a considerably lower zero-lift drag rise than the original two- 
engine delta-wing airplane model. Further evidence to support the area- 
distribution concepts for model 1 of reference 1 was obtained when tests 
of a body of revolution having the same axial distribution of cross- 
sectional area yielded almost the same value of drag rise (ref. l). 

These results led to the design of a four-engine delta-wing airplane 
model with an area distribution very similar to that of model 1 of ref- 
erence 1 but incorporating some deviations necessitated by practical 
aircraft design. 

The earlier investigation of the two-engine delta-wing airplane 
model to determine the zero-lift drag rise was made in the Langley 
l6-foot transonic tunnel and is reported herein for comparison purposes. 
Two versions of the redesigned four-engine delta-wing airplane model 
have been investigated at lifting conditions in the Langley l6-foot 
transonic tunnel. The investigation of the four-engine delta-wing air- 
plane models was to determine the rise in minimum drag coefficient with 
Mach number and to evaluate the trim characteristics of several wing and 
nacelle configurations in the transonic speed range. The effects of 
nacelles and various aerodynamic surfaces attached to the droppable store 
(flush mounted beneath the fuselage ) or* the transonic rise of minimum 
drag coefficient were also investigated. 

The two four-engine delta-wing airplane models were similar in all 
respects except that one had a plane delta wing with full-span elevons 
and the other had a cambered delta wing with partial-span elevons. A 
cambered-wing model was used for the present investigation because of 
the expected lower values of drag at lifting conditions (refs. 5 and 4) 
that might be attained in comparison with the plane-wing model. 3oth 
the four-engine models were tested with four single-engine nacelles and 
two twin-engine nacelles, hereafter referred to as "split" nacelles and 
"Siamese" nacelles, respectively. The Siamese nacelles were considered 
advantageous from a power-package assessment even though the model with 
these nacelles had a less favorable cross-sectional area distribution 
thah the model with split nacelles and, therefore, might he subject to 
higher values of drag rise. 
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All configurations , the two-engine model and the four-engine models, 
were tested at an elevon deflection of 0°. The Mach number range for the 
two-engine model was from 0.80 to 1.06 and the corresponding Reynolds 
number range based on the wing mean aerodynamic chord was from 12.3 X 10^ 
to 13*3 X lO^. The Mach number range for the four-engine models was from 
0.70 to 1.06 and the Reynolds number range based on wing mean aerodynamic 

chord was from 8. 5 X 10^ to 9*3 x 10^. Additional tests were also made 
at elevon deflections of -2° and -4° for most of the four-engine model 
configurations in order to determine the model trim characteristics. The 
angle of attack for the two-engine model was maintained very near to 0° 
in order to maintain zero lift over the Mach number range. In general, 
the angle of attack of the four-engine models was varied from about -3° 
to a value necessary to obtain a lift coefficient of about 0.3. 


SYMBOLS 


A 

AR 

B 

b 

CD 


c Dt 


c f b 


CFi 


Cm 


cross-sectional area 
aspect ratio 
base area 
wing span 


drag coefficient, -2- = Cp^, - Cju, - Cp T 

9o s ~ 


balance -measurement drag coefficient 


base force coefficient. 


p B B 

s 


cos (a + 


i) 


nacelle internal-force coefficient. 


m 


( v o - Ve) - A s(?E " Po) 


<3q S 


cos (a + i ) 


lift coefficient, L/qoS 

pitching -moment coefficient, Mq # 35c ' /c^Sc 1 
pitching-moment coefficient for zero lift 
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P 


mean aerodynamic chord 
external drag 

angle between nacelle center line and fuselage reference line 
lift 


model length 

pitching moment about 0.35c 1 


Mach number 
mass flow 

point mass -flow ratio, Pe^e/ p o^o 


pressure coefficient. 


■Plocal ~ Pq 
•Jo 


static pressure 
dynamic pressure 
Reynolds number 
wing area 
velocity 

distance from wing leading edge 
distance to rear of nose 

model angle of attack measured from fuselage reference line 
deflection angle of elevon, positive down 
mass density 


Slope parameters: 
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Cm & = \ v- 

V d S / C £r=0'" 

Subscripts : 


B base 

E nacelle exit station 

I internal 

max maximum 

o free stream except in 


MODEL DESCRIPTION 
Two-Engine Model 


A sketch of the two-engine delta-wing airplane model is shown in 
figure 1 and dimensions for the model are given in table I. The model 
was constructed of magnesium and mahogany. . The wing had a delta plan 
form with the leading edge swept back 65 ° and NACA 65A004 airfoil sec- 
tions parallel to the plane of symmetry. The fuselage and the droppable 
store (hereafter referred to as a "pod" ) were designed to separate on 
the parting line shown in figure 1. A photograph of the two-engine delta 
wing airplane model mounted in the tunnel is shown as figure 2. The 
nacelles were set at an angle of incidence of - 2 . 13 ° with respect to the 
wing. 


Figure 3 shows the nacelle configuration with the central spike 
Inlet and table II gives the nacelle and nacelle central spike dimensions 


Four-Engine Models 

Fuselage and droppable pod . - A schematic diagram showing model 
details is presented in figure 4 and additional details of the model 
geometry are given in table III. The fuselage-pod combination shown 
in figure 4 is indented for a Mach number of 1.00 in accordance with 
the area-rule considerations as given in reference 2. The droppable 
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pod is attached to the under sur face of the fuselage and the pod aero- 
dynamic controls consist of a canard, pod wing, and pod ventral fin. 

Plane -wing model . - The plane-wing model had 60° sweep of the wing 
leading edge, -10° sweep of the wing trailing edge, 5° of incidence, an 
aspect ratio of 2.1, and incorporated NACA 0004.08-63 airfoil sections. 
Solid magnesium construction with an overlay of bonded mahogany over the 
midchord sections was employed on the delta wing which had full-span 
elevons and provisions for mounting either Siamese or split nacelles. 

Cambered-wlng model .- The cambered -wing model was similar in all 
respects including construction material to the plane -wing model except 
for the leading-edge camber (lp percent of the local semispan, see 
fig. 5 ) and the smaller elevon area of the cambered wing. The leading 
edge of the wing was drooped 2.86 percent of the local semispan to pro- 
vide a nearly elliptical spanwise loading at the design lift coeffi- 
cient (0.22) and hfech number (l.4l4). The elevons on the cambered wing 
extended to 79-7 percent of the wing semispan. For additional details 
of the canibered-wing design, see figure 5 and table IV. 

Split nacelles . - Four separate nacelles (designated herein as 
"split nacelles" to denote a single-engine ducting system) were mounted 
in an identical manner on both the plane or cambered wing. The split- 
nacelle configuration (fig. 4) consisted of: (a) two inboard pylon- 

mounted nacelles suspended at 40. 30 percent of the wing semispan with 
the longitudinal axis parallel to the wing chord (fig. 6 and table V), 
and (b ) two outboard nacelles mounted flush on the upper surface of the 
wing at 64.63 percent of the semispan and at an angle of incidence to 
the wing chord of - 3 0 (fig. 7 and table VI ). All split nacelles were 
made of magnesium and had the same internal contour (table v). 

Siamese nacelles .- The Siamese nacelles (the term "Siamese nacelle" 
denotes a mated pair of engine ducting systems ) were suspended from the 
lower surface of each wing parallel to the chord plane on a pylon at 
45.72 percent of the semispan (fig. 8 and table VII ). The same Internal 
contours were maintained for the Siamese nacelle ducting as for the 
split nacelle. 

Photographs showing three-quarter' front views of the plane-wing 
model with split nacelles and the cambered-wing model with Siamese 
nacelles are given in figure 9. Front views of the same configurations 
are presented in figure 10. Photographs showing the pod-wing location 
and the manner in which the pod wing was faired to the main wing are 
given in figure 11. The tip sections of the faired pod wing are located 
inside the landing-gear fairings as Indicated by the dashed lines on the 
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TESTS 


Tests of a two-engine delta-wing airplane model and two four-engine 
delta-wing airplane models have been conducted in the Langley l6-foot 
transonic tunnel. The operational and flow characteristics of the wind 
tunnel are given in reference 5* 


The force tests for the four-engine models were conducted at Mach 
numbers from 0.70 to 1.06 and at Reynolds numbers from 8.5 to 9-3 X 10° 
(fig. 12). For the two-engine model the angle of attack was kept very 
close to 0° to maintain zero lift over a Mach number range from 0.80 
to 1.06 and at Reynolds numbers from 12.3 to 13*3 X 10^. In general, 
the angle of attack of the four-engine model was varied, at a given Mach 
number, from about -3° to a value necessary to produce a lift coefficient 
of about 0.3* This lift coefficient was slightly higher than the design 
transonic cruise lift coefficient of 0.25- The four basic configurations 
(plane-wing split nacelles, plane-wing Siamese nacelles, cambered-wing 
split nacelles, and cambered-wing Siamese nacelles) were tested through- 
out the Mach number range for an elevon deflection of 0°. The plane- 
wing split-nacelle, cambered-wing split -nacelle, and the cambered-wing 
Siamese nacelle configurations were also tested at an elevon deflection 
of -2° and -4°. Additional tests were conducted throughout the Mach num- 
ber range at an elevon setting of 0° for the plane wing with outboard 
split nacelles removed and for the plane and cambered wings without 
nacelles. There was air flow through the ducts for all nacelle-on tests 
on both the two-engine and the four-engine models. A drag breakdown for 
the four-engine models was obtained by testing the plane-wing split- 
nacelle configuration with various pod components removed (canard, pod 
wing, and pod ventral fin shown in fig. 11(a)). One test was made with 
the pod wing faired to the main wing for the plane-wing split-nacelle 
configuration (fig. 11(b)). 


Pressure tests to determine base pressure coefficient and nacelle 
internal-force coefficient were made simultaneously with the force tests 
for the two-engine airplane model. Pressure tests were made separately 
from the force tests but throughout the same angle-of -attack and Mach 
number range for the four-engine models with elevon deflections of 0° 
and -4°. 


METHODS 

Instrumentation 


The force data for the models tested were obtained from an inter- 
nally mounted s ix-compcnent strain-gage balance. Fuselage base-pressure 
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forces, nacelle base-pressure forces, and nacelle internal forces were 
determined from pressure measurements. Internal pressures were measured 
near the exits of both nacelles on the two-engine model and near the 
exit of one inboard split nacelle and one duct of a Siamese nacelle on 
the four-engine model. Choked flow was obtained in the nacelles of the 
four-engine models at Mach numbers above 0.95 by using a ratio of exit 
area to inlet area of 1.10. This ratio in combination with the external 
nacelle contour resulted in an annular base on each nacelle. (See fig. 6. ) 


Data Reduction 

An automatic punch-card system was used to reduce the force data to 
coefficient form. Ail force data presented in this report have been 
adjusted for base-pressure forces and nacelle internal forces. Figure 13 
shows the variation of pod base-pressure coefficient and nacelle internal- 
force coefficient with Mach number for the two-engine delta-wing airplane 
model. 


The values of base-force coefficient, internal-force coefficient, 
and point mass-flow ratio for eleven settings of 0° are presented in 
figure 14 for the four-engine models as a function of angle of attack 
for the test Mach numbers. In general, the base and internal forces 
were about the same at an eleven deflection of -4° as at the setting 
of 0°. The measured values of base-force coefficient and internal-force 
coefficient were used to adjust the force data, and the -2° elevon data 
were obtained from an average of the 0° and -4° elevon data. 

No correction has been made for sting tares. At the present time, 
it is believed such effects would be small. 

The angle of attack for the four-engine delta-wing airplane model 
has been corrected for balance and sting deflections and for a tunnel 
upflow angularity of 0.4° that was invariant with Mach number. 

In addition to the corrections already indicated, the values of 
drag coefficient presented in this report, other than the basic data 
(shown in figs. 15 to 19) have been adjusted for tunnel-wall reflected- 
wave disturbances. This adjustment was made by crossplotting the basic 
drag data against Mach number and then fairing a curve lower than the 
basic data in the Mach number range from 1.00 to 1.06 where a maximum 
drag-coefficient-adjustment value of 0.0015 at a Mach number of 1.04 was 
employed. This value (0.0015) is based directly on a correlation of 
free-flight tests of the two-engine delta-wing airplane model and the 
present data for the two-engine delta-wing airplane model at zero lift. 
This same adjustment was assumed to apply for the four-engine models and 
at lifting conditions. 



NA.CA RM L55I27b 


9 


Accuracy 

The values presented in the following table indicate the maximum 
error that may be present, including all errors that were detected 
throughout the process of recording, reducing, and presenting the data 
in its final form. 


Cl • • 

Cp • . 
Cm • • 

M . . 

a, deg 


± 0.005 

+0.001 

±0.0005 

± 0.005 

± 0.1 

±0.005 


The repeatability of the aerodynamic coefficients was better than 
the indicated accuracy. It was found that the drag coefficient, for 
example, repeated within ± 0 . 0005 * 


RESULTS 


The results of the investigation are presented in figures 15 to 31. 
Basic aerodynamic characteristics are presented for all of the four- 
engine delta-wing airplane model configurations tested. The zero-lift 
drag data for the two-engine delta-wing airplane model are presented in 
comparison with the four-engine delta-wing airplane-model drag data. 

The variation of slope parameters with Mach number is generally shown 
for only the four-engine basic configurations tested. The lift-curve 
and pitching-moment-curve slopes were obtained from straight lines 
averaging that portion of the curves between a lift coefficient of 0 
and 0.3* All reference to the transonic rise in drag coefficient in the 
following discussion is for the Mach number range from 0.90 to 1. 04. 

The free -stream- tube area containing the mass flow entering the ducts 
at M = 1.0 has been subtracted from all area diagrams presented. An 
indication of the data presented in figures 15 to 31 is given in the 
following table: 


Figure 


Basic aerodynamic characteristics (a, Cp, and ^m against Cp) • . 15 to 19 

Drag-rise plots and area diagrams 20 to 22 

Effect of wing camber on drag coefficient 23 

Effect of camber on drag due to lift at M = 0.90 24 

Variation of maximum lift-drag ratio and lift coefficient for 

maximum lift-drag ratio with Mach number 25 

Variation of lift-curve slope with Mach number 26 
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Figure 


Variation with Mach number of the zero-lift pitching-moment 
coefficient, the slope of the pitching-moment coefficient 
against lift-coefficient curves, and the pitching-moment 


coefficient at a lift coefficient of 0.2|5 27 to 29 

Elevon effectiveness parameters 30 

Trim characteristics 31 


DISCUSSION 

Aerodynamic Characxeri sties of Models 


Variation of minimum drag coefficient with Mach number . - One of the 
purposes of the present investigation was to determine the transonic 
drag-rise characteristics of a long-range delta-wing airplane model. 
Earlier tests of the original version of the airplane, the two-engine 
delta-wing airplane model conducted in the Langley l6-foot transonic 
tunnel, indicated a high zero-lift drag rise. Specifically, these tests 
of the two-engine delta-wing airplane model show a zero-lift transonic 
drag-rise of 0.0212 (fig. 20(a)). In an effort to reduce the transonic 
drag rise of this airplane model, an idealized four-engine delta-wing 
configuration was designed to have an axial cross-sectional area distri- 
bution almost the same as that of a parabolic body of revolution having 
a fineness ratio of 9-0. This attempt at transonic-drag-rise reduction 
was based on the results of reference 2 which showed that the zero-lift 
drag rise of a wing-body combination could be reduced by designing the 
configuration to have a gradual axial increase and decrease In total 
cross-sectional area and by keeping the maximum cross-sectional area to 
a minimum. The results of the free-flight test of the four-engine delta- 
wing configuration (model 1 of ref. l) indicated a zero-lift drag rise 
of 0.0100. The validity of area-rule concepts In the design of model 1 
of reference I was further established by achieving the same drag-rise 
increment (O.OIOO) with a body of revolution having an axial cross- 
sectional area distribution identical with that of model 1. These 
results led to the present design of the four-engine delta-wing airplane 
models. 


These four-engine models have an area distribution approaching that 
of model 1 of reference 1 on a total cross-sectional area basis. The 
nondimensional area progressions of these models are presented in fig- 
ure 20(b).. The difference in nondimensional cross-sectional area between 
model 1 of reference 1 and the present four-engine delta-wing airplane 
model with split nacelles is primarily the result of a difference in 
fineness ratio between the models (9-0 and 8.2, respectively). Some 
difference is also due to a more rearward location of the maximum cross- 
sectional area. 
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A transonic drag rise of 0. 01^4 was measured for the plane-wing 
split-nacelle model and 0.0175; for the same wing with Siamese nacelles 
as shown in figure 20(a). Inspection of the area diagrams (fig. 20(b)) 
indicates that the split nacelles have the more favorable area distribu- 
tion and, therefore, these nacelles should have a lower transonic drag 
rise than the Siamese nacelles. Although the four-engine delta -wing air- 
plane models show an appreciable reduction in drag rise when compared 
with the two-engine model, they have about 50 percent higher drag rise 
than model 1 of reference 1. The reason for the failure of the present 
models to achieve the low (0.0100) drag rise increment of model 1 can be 
explained by noting the physical differences between the models and the 
results from the present drag-breakdown tests. The physical differences 
between the models are as follows: 


Present Model 1 
model of ref. 1 


Pod wing Yes None 

Incidence, deg 3 None 

Fineness ratio (equivalent body) 8.2 9.0 

Landing-gear fairings Yes None 

Canopy Yes None 

Canard Yes None 

Wing thickness, percent 4.08 3*0 


Afterbody shape Slightly different diameters and slopes 

The four-engine models differed also in their distribution of cross- 
sectional area in that the present models had an unsymrcetrical distribu- 
tion above and below the wing-chord plane (fig. 20(b)), whereas model 1 
had a nearly symmetrical distribution. 


The results of drag-breakdown tests for the pod components on the 
plane-wing split-nacelle configuration (fig. 21(a)) indicate that the 
pod wing is the chief contributor to the transonic drag rise. It adds 
an increment in the rise of minimum drag coefficient of 0.0020 and, if 
based on its own area, the drag rise of the pod wing would have the 
unreasonably high value of 0. 0206. Shadowgraphs taken during the tests 
indicate a shock formation near the trailing edge of the pod wing that 
is not present for tests without the pod wing. Fairing the pod wing to 
the main wing (fig. 21(a)) reduced the rise in minimum drag coefficient 
by about 0. 0010. It can be seen in figure 21 (b ) that the removal of the 
pod wing lowers the area diagram slightly in a region of high slope, but 
the difference in drag from area-rule considerations would be less than 
0.0020. The 0.0020 increment in drag coefficient emphasizes the point 
that, when aerodynamic components are added to a configuration, high 
local interferences may occur, separation may also occur, and for this 
particular surface choking of the flow between the pod wing and the main 
wing may result in added drag. 
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If the increment in transonic drag rise due to the pod wing (0.0020) 
is subtracted from the drag rise of the complete configuration (0.0154 for 
the plane wing with 3plit nacelles ), the resulting transonic drag rise 
would be 0.0134- or 0.0034 higher than that for model 1 of reference 1. 

An analysis made to evaluate the increment in drag rise due to each of 
the remaining physical differences between the present four -engine models 
and model 1 indicated that no large drag-rise increment (none of the mag- 
nitude of the pod wing at least ) could be expected for any one dissimi- 
larity and, in general, it was found that each increment was within the 
accuracy of the reference data. Since the differences between the models 
(other than the pod wing) are such that an increase in drag rise for the 
present four-engine models would be expected, it is believed that the 
higher drag rise (compared with that of model l) would be adequately 
explained if each dissimilarity increased the drag rise by as small an 
increment as 0 . 0005 - 

In general, the nacelle drag increment shown in figure 22(a) indi- 
cated no adverse nacelle interference effects. 

In the preceding discussion, the comparisons of the data from the 
four-engine delta-wing airplane models of the present test with that of 
reference 1 have been confined to the plane wing. The cambered wing 
could have been used for the comparisons also since it shows almost the 
same rise in minimum drag coefficient for a given nacelle installation 
as the plane wing. (See fig. 20(a). ) 

Calculations of the zero-lift drag rise for several of the configu- 
rations tested using the method of reference 6 were consistently lower 
than the measured results, often by as much as 50 percent. It is believed 
that the inability of the method to give accurate predictions is related 
to the abrupt changes in slope of the area diagrams for the configurations 
being investigated, and the inability of the method to include the effects 
of separated flow and choked flow. The method accurately predicted the 
zero-lift drag rise of model 1 of reference 1, which had a fairly smooth 
cross-sectional area progression. 

Variation of Cp with Mach number at Cp = 0. 25 .- Model 1 of ref- 
erence 1 and the two -engine delta -wing airplane model were not investi- 
gated at lifting conditions. The lift' coefficient of 0.25 was chosen 
for the drag-coefficient data presented in figure 20(a) because it repre- 
sents the design lift coefficient for transonic cruising flight of the 
four-engine delta-wing airplane models. At a lift coefficient of 0.25, 
the effect of the type of nacelle on the transonic-drag-rise increment 
is the same as that at the minimum drag coefficient; that is, the Siamese 
nacelles on either plane cr cambered wing maintain an increment in drag 
rise of about 0.0020 over that of the split nacelles. An interesting 
aspect of the transonic drag rise under lifting conditions is that the 
plane wing xith a given nacelle has a lower drag rise than the same 
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configuration has at minimum drag coefficient. The cambered wing with a 
given nacelle installation, however, has a higher drag rise under lifting 
conditions than that of the same configuration at minimum drag coefficient. 
The absolute drag-coefficient level is lower for the cambered -wing models 
at this lift coefficient than for the plane-wing models for the Mach num- 
ber range investigated. 

Effect of camber on drag coefficient . - The benefits of camber in 
reducing the drag coefficient at lifting conditions are readily shown in 
figure 23 . In this figure, the drag coefficient of the cambered wing has 
been subtracted from the drag coefficient of the plane wing at a given 
Mach number for lift coefficients of 0.15, 0.20, and 0.25 and the results 
plotted against Mach number. It may be noted that, subsonically, camber 
provides a reduction in drag coefficient of about 0. 0040 for either 
nacelle installation at a lift coefficient of 0.25* As would be expected, 
the beneficial effect of camber on the drag coefficient decreases with 
decreasing lift coefficient. At a ifech number of 1.04, the cambered wing 
still has an advantage over the plane wing but this advantage is reduced 
at all lift coefficients. 


Effect of camber on the drag due to lift at a Mach number of 0.90 - - 
The beneficial effect of camber on the drag coefficient at selected lift 
coefficients has been shown in figure 23 over the Mach number range. It 
Is of interest to show the effect of camber on the drag due to lift at a 
Mach number of 0.90, the selected subsonic cruise speedy for this design. 
Shown in figure 2k is the drag coefficient plotted against lift coeffi- 
cient for the plane and cambered wings with no nacelles, split nacelles, 
and Siamese nacelles. For comparison purposes, a curve representing the 


minimum possible induced drag coefficient 




is shown passing 


through the point for zero-lift drag for the plane wing. It is assumed 
that the zero-lift drag coefficient for the plane wing represents the 
skin-friction drag for the configuration and that the additional drag 
coefficient shown for the cambered wing at zero lift is the increment In 
drag due to twist and camber. These data show that the cambered wing 
without nacelles has almost the minimum possible value of induced drag 
coefficient. The data of reference 4 for a cambered delta wing of aspect 
ratio 2 indicates this same result up to the design lift coefficient of 
the wing. 


There is an increase of about 22 percent over the minimum possi- 
ble value of Induced drag coefficient for both nacelle configura- 
tions at a lift coefficient of 0.25« This increase In the drag due 
to lift is probably the result of the nacelles and fuselage causing 
distortion of the design elliptical span load distribution on the 
wing. Reference 7 Indicates that there should be no decrease in 
the drag due to lift when the test Reynolds number is 10 X 10^ or 
greater. If the plane-wing zero-lift drag coefficient (0.0133) is 
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converted to the skin-friction drag coefficient by the ratio of model 
wing area to wetted area, the skin-friction drag coefficient is 0 . 0033 * 
The value of the skin-friction drag coefficient for the flat plate at 
M = 0.90 and R = 10 X 10^ is 0.0028 (ref. 8 ). This low value of skin- 
friction drag coefficient thus precludes any large interferences that 
might cause separation drag. Since the model with no nacelles has almost 
the minimum possible value of drag due to lift, it would not be expected 
that an increase in Reynolds number would result in a decrease in the 
drag due to lift. 

Variation of (^A^max an< ^ (l/d ) with Mach number.- The 

variation of (L/D ) max with Mach number (fig. 25 1 shows that the cam- 
bered wing with either split or Siamese nacelle has a higher value of 
(L/D ) nax than the plane wing with either nacelle. Below a Mach number 
of about 0.92, the Siamese nacelles on either wing have a slightly 
higher (L/D ) Tnax than the split nacelles on either wing. The highest 

value of (l/d ) nlax (that is, 10 . 7 ) for the principal configurations 

tested occurred for the cambered-wing Siamese nacelle configuration at 
a Mach number of 0.70. For Mach numbers above 0. 97* the cambered-wing 
split -nacelle configuration has higher values of (l/d than the 
cambered wing with Siamese nacelles. Below a Mach number of 0.95* the 
cambered-wing nacelle configurations attain (L/D ) m av at a Cl of 
about 0.24 (fig. 2p), whereas the plane-wing nacelle configurations 
attain their (l/d)^^- at a Cl of about 0.20. The added advantage of 
the cambered wing is also realized in noting that its (l/d)^^ occurs 
at nearly the cruising lift coefficient of the aircraft. 


Variation of with Mach number.- In general, the variation of 

the lift-curve slope CL a with Mach number is about the same for the 

four principal four-engine configurations tested (fig. 26). The lift- 
curve slope CLq, varies from about 0.045 subsonically to about 0.057 

near Mach number 1.0. For Mach numbers up to 0. 96 , the split nacelles 
have a slightly higher value of Cx^ than the Siamese nacelles on either 

wing. 


Variation of Cmo* ^CmA c L* and 0™ with Mach number.- The 

zero-lift pitching-moment coefficient generally shows a small nega- 

tive increase with Mach number up to M = 0.95 (fig* 27 )- For Mach num- 
bers higher than 0.95 and up to M = 1.0, the split nacelles on either 
wing produce higher negative values of C^. The Siamese nacelles’ on 

either wing, however, have lower negative values of ^mo for Mach num- 
bers above 0.95* The different trend in the variation of c mo 


with Mach 
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number for the two types of nacelles is shown in a trim analysis in a 
subsequent section of this paper to have an important bearing on nacelle 
selection. 

The variation of with Mach number (fig. 28) indicates that 

the four principal four-engine configurations tested are longitudinally 
unstable about the 35~P er cent mean aerodynamic chord up to a Mach number 
of about 0.95* Beyond this Mach number, the configurations become stable, 
with the Siamese nacelle configuration indicating the greatest degree of 
stability above M = O. 98 . Both the split and Siamese nacelles produce 
a destabilizing effect since the configurations without nacelles are 
stable at practically all Mach numbers. 

The pitching-moment coefficient at S = 0° (fig. 29) is approxi- 
mately zero for Mach numbers below 0.80 and increases negatively from 
M =0.80 to M = 1.04 for all four-engine configurations. Elevon 
deflections of -2° and -4° increase the pitching moment at all Mach num- 
bers for all configurations. At M = 0.90, approximately -1° of elevon 
deflection would be required to trim about the 0. 35c ' for the split- 
nacelle configurations. 


Effect of Elevon Deflection on Aerodynamic Characteristics 
of the Eour -Engine Model 

Variation of Ct,q and with Mach number.- In figure 30 the 

plane-wing split-nacelle configuration shows higher lift effectiveness 
than the canibered-wing split-nacelle configuration. This increase in 
lift effectiveness parameter is attributed to the larger elevon area on 
the plane wing. The canibered-wing Siamese nacelle configuration has the 
lowest value of lift effectiveness parameter up to a Mach number of 0.95 
but the parameter does not decrease for this configuration until a Mach 
number of 0.97j whereas the plane- and canibered-wing models with split 
nacelles show a decrease in the parameter above 0.95* This earlier loss 
in lift effectiveness for the models with split nacelles may be associ- 
ated with shocks near the base of the outboard split nacelle. 

The plane-wing split-nacelle configuration has the largest value of 
pitching-moment effectiveness parameter up to a Mach number of 0.975* 

The pitching-moment effectiveness parameter follows the same trends with 
Mach number as does the lift effectiveness parameter, the canibered-wing 
Siamese nacelle configuration having the largest values above a Mach 
number of 0.975* Theoretical considerations would indicate that the 
maximum value of these parameters would occur at a Mach number of 1.0 
but the data indicate that, for configurations where shocks may be 
located on part of the elevons, the effectiveness of the elevons will 
decrease at Nfeich numbers of less than 1.0. 
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Effect of Mach number on elevon angle, angle of attack, drag coeffi- 
cient, and lift-drag ratio at trim .- The trim analysis presented in fig- 
ure 31 for three of the four-engine configurations tested is based on a 
constant 3-percent-c ' static margin and a lift coefficient of 0.25* 

At Mach numbers above 0. 90, the elevon angle required to trim the 
cambered- and plane-wing models with split nacelles changed rapidly until 
an elevon angle of about -3-5° was needed at a Mach number of 1.00. The 
cambered-wing Siamese-nacelle configuration, however, required a rela- 
tively small change in elevon angle for trim over the Mach number range. 

It was noted previously that the zero-lift pitching moment for the Siamese 
nacelle conf igurations became less negative at Mach numbers above 0.90. 
This decrease in Cj^ requires a smaller elevon deflection to trim the 
cambered-wing Siamese nacelle configuration. 

The angle -of -attack variation with Mach number at trim is about 1° 
for all configurations. The cambered-wing models, however, require a 
higher angle of attack to trim than the plane-wing models. 

It was noted in the discussion of the drag coefficient at a lift 
coefficient of 0.25 that the drag rise was 0.002 greater for the Siamese 
nacelles than for the split nacelles. At trim, however, the cambered-wing 
Siamese nacelle configuration has the lowest value of drag coefficient at 
all Mach numbers because, as indicated previously, this configuration 
requires less elevon deflection for trimmed flight. The drag-coefficient 
data presented in figure 31 were obtained by crossplotting the test data. 

The lift-drag ratio at trim for the cambered-wing model with Siamese 
nacelles reflects the lower drag coefficient for this configuration and 
is generally higher over the Mach number range than that of the other 
models. 


CONCLUSIONS 


An investigation of a two-engine delta-wing airplane model with no 
fuselage Indentation and of two four-engine delta-wing airplane models 
(the design of which was based on area-rule concepts) in the Langley 
l6-foot transonic, tunnel has indicated the following conclusions: 

1. The four-engine delta-wing airplane models with favorable axial 
distributions of cross-sectional area had considerably lower transonic 
drag-rise increments than the two-engine delta-wing airplane model. 

2. The four-engine delta-wing airplane models had cross-sectional 
area distributions similar to an idealized four-engine delta-wing con- 
figuration with a nearly parabolic distribution of cross-sectional area 
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but did not have the low minimum drag rise of the latter because of an 
auxiliary pod surface in close proximity to the wing and other dissimi- 
larities including wing incidence of 3°> canopy, increase in wing thick- 
ness, landing-gear fairings, afterbody shape, and area distributions 
above and below the wing-chord plane. 

3. The camb ered-wing models had higher values of maximum lift-drag 
ratio than the plane-wing models throughout the Mach number range. For 
Mach numbers up to 0.92, the camb ered-wing Siamese nacelle configuration 
had slightly higher values of maximum lift-drag ratio than the cambered- 
wing split-nacelle configuration. 

4. The cambered-wing models had lower drag coefficients than the 
plane-wing models at lift coefficients from 0.15 to 0.25 throughout the 
test Mach number range. 

■ 5 . The cambered-wing model with no nacelles has nearly the minimum 
possible value of induced drag coefficient at a Mach number of 0 . 90 and 
there is only a small increase in the drag due to lift when the nacelles 
are added. The data indicate that there will be no reduction in drag 
due to lift when the Reynolds number is increased above the test value 
of approximately 10 x 1C^. 

6. For trimmed flight with a 3-percent static margin and a lift 
coefficient of 0.25 (near the design cruising lift coefficient), the 
cambered-wing Siamese nacelle configuration had highest values of lift- 
drag ratio and nearly constant elevon deflection throughout the Mach 
number range tested. 


Langley Aeronautical Laboratory, 

IJational Advisory Committee for Aeronautics, 
Langley Field, Va. , September 15, 1955* 




18 


NACA RM L55I27b 


REFERENCES 


1. Hopko, Russell N. , Pi land, Robert 0., and Hall, Janes R. : Drag Meas- 

urements at Low Lift of a Four-Nacelle Airplane Configuration Having 
a Longitudinal Distribution of Cross-Sectional Area Conducive to Low 
Transonic Drag Rise. NACA RM L53S29, 1953* 

2. Whitcomb, Richard T. : A Study of the Zero-Lift Drag-Rise Character- 

istics of Wing-Body Combinations Near the Speed of Sound . NACA 
RM L52H08, 1952. 

3« Jones, Robert T.: Estimated Lift-Drag Ratios at Supersonic Speed. 

NACA TN 1350, 19 k 7- 

4. Hall, Charles F. : Lift, Drag, and Pitching Mcment of Low-Aspect-Ratio 

Wings at Subsonic and Supersonic Speeds. NACA RM A53A30, 1953* 

p. Ward, Vernon G., Whitcomb, Charles F. , and Pearson, Merwin D. : Air- 

Flow and Power Characteristics of the Langley l6-Foot Transonic 
Tunnel With Slotted Test Section. NACA RM L52E01, 1952. 

6. Nelson, Robert L. , and Stoney, William E., Jr.: Pressure Drag of 

Bodies at Mach Numbers up to 2.0. NACA RM L53I22c, 1953* 

7. Osborne, Robert S., and Kelly, Thoms C.: A Note on the Drag Due to 

Lift of Delta Wings at Mach Numbers up to 2.0. NACA RM L53Al6a, 
1953. 

8. Van Driest, S. R. : Turbulent Eoundary Layer in Compressible Fluids. 

Jour. Aero. Sci., vol. 18, no. 3> Mar. 1951> PP- l45-l6o, 216. 



NACA EM L55I27b 


19 


TABLE I.- DIMENSIONS OF TWO-ENGINE DELTA-WING AIRPLANE MODEL 

Wing : 

Area, sain 1*728 

Span , in 5 6 • 721 

Root chord, in 60.874 

Length of M.A.C., in 40.583 

Airfoil section (parallel to plane of symmetry) NACA 65A004 

Sweepback leading edge, deg 65 

Dihedral -2° 27' 

Incidence, deg 0 

Aspect ratio 1.86 

Fuselage : 

Overall length, in 80.00 

Distance from nose of fuselage to leading edge of wing 

root chord, in 12.825 

Maximum width, in 5*980 

Pod: 

Overall length, in . 90 . 162 

Distance from pod nose to leading edge of wing root 

chord, in 21.025 

Maximum width, in 6.000 

Nacelles: 

Overall length, in. . .' • . 42.621 

Exit diameter, in 3*252 

Distance from airplane center line to nacelle center 

line, in 16.330 

Vertical tail: 

Total area, sq in 125.271 

Span, in 13.245 

Root chord, in 18. 916 

Airfoil section (parallel to root chord) NACA 65 A.OO 5 

Sweepback leading edge, deg.. 55 

Pod tails: 

Total area (one fin), sq in. 70.848 

Semispan, in 9*600 

Root chord, in 9*840 

Taper ratio 0.500 

Airfoil section (parallel to root chord) NACA 65 AOO 5 

Sweep’oack leading edge, deg 5 2 

Angle between tails, deg 120 
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Nacelle 


- 6.000 

-2.440 

-.621 

.000 

.950 

2.000 

5-000 

8.000 

11.000 

13.500 

16.000 

19.000 

22.000 

25.000 

28.000 

31.000 

3^.000 

37.000 

40.000 

42.000 




Open nacelle 



Radius A 

Radius B 

Dimension C 

Dimension D 

Dimension S 

Internal 

radius 


2.485 

2.590 

2.600 

2.600 

2.600 

2.600 

2.580 

2.520 

2.430 

2.265 

1.965 

1.305 

.620 


2.600 

2.600 

2.580 

2.520 

2.430 

2.265 

1.965 

1.305 

.620 


1.700 

1.829 

1.969 

2.054 

2.113 

2.113 

2.113 

2.113 

2.113 

2.066 

1.989 

1.911 

1.833 

1.756 

1.678 

1.626 



Nacell 

Le spike 


Distance G 

Ordinate H 

Distance K 

Ordinate L 

0 

0 

0 

0 

2.12 

•775 

1.00 

.22 

2.62 

.890 

2.00 

•50 

5-12. 

.945 

3.00 

.69 

3.62 

.960 

4.00 

.82 

4.12 

■ 950 

5-00 

.89 

4.62 

5.00 

.925 

.900 

5-40 

.90 
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TABLE III.- FOUR-ENGINE DELTA -WING AIRPLANE MODEL DIMENSIONAL DATA 


I. Fuselage: 

Overall length, in 69 . 60 

Maximum width, pod included, in ii . 8 h 

Maximum height, pod included, in 8.06 

Fuselage base area, sq in 7.62 


II. Aerodynamic surfaces: 

(a) Dimensions for main surfaces and pod surfaces: 


Dimension, unit 


Main surfaces 

Pod surfaces 

Wingl 

Vertical tail 

Wing 

Canard 

Tail 


10.58 

10.80 

14 . 16 
15.51 

7.12 

6.79 


80.00 

95.67 

68.52 

24.18 

9-57 

51.05 




0003 . 46-64 . 069 
000 ^. 08-63 
60 
-10 
2.10 
0 

5 

0 

0005-64 

0005-64 

50 

0004. 5-64 
0004. 5-64 
60 
-10 
2.10 
0 
0 
0 
0 

0004 . 5-64 
0004. 5-64 
60 
-10 
2.10 
0 
0 
0 
0 

0004. 5-64 
0004 . 5-64 
60 

(Geometric) 1.40 
0.4 

1.43 

0.40 



0 

0 

0 


Span, in. ..... 

Root chord, in. . . 

c', in 

Area, total, sq in. 

Area, exposed, sq in. 

NACA airfoil section: 
Root to 3.767 . . . . 

3 . 76 T to tip 

Leading-edge sweep, deg 
Trailing-edge sweep, deg 
Aspect ratio . 

Taper ratio . 

Incidence, deg 
Dihedral, deg 
Twist, deg . . 


■^For plane or cambered wing. 
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TABLE III.- FOUR-ENGINE DELTA-WING AIRPLANE MODEL DIMENSIONAL DATA - Concluded w 


II. Aerodynamic surfaces - Concluded: 

(b) Elevons: 

Area, sq in 

Span, in 

Root chord, in 

Root chord location, percent b/2 

Tip chord, in. . . 

Tip chord location, percent b/2 . . . 

III. Nacelles (Areas and diameters given are for one duct. ): 

Overall length, in 

Inlet diameter, in 

Inlet area, total, sq in. ... 

Spike diameter, nacelle station 0, in 

Spike area, nacelle station 0, sq in 

Spike cone angle, deg 

Inlet area, net, sq in 

Exit internal diameter, in 

Exit internal area, sq in 


Plane 

Cambered 

79-01 

67.60 

19 Ja 

14.80 

5-79 

5.79 

14.65 

14.65 

0 

5.26 

100 

79.70 

• • • • 

. 18.667 

• • » • 

1.800 

• • • • 

2.51)4 

• • • • 

. 0.934 

• • • • 

. o. 68 i) 


50 

l.06o 

1.6ih 

2.046 


I 



Inboard 

split 

Outboard 

split 

Siamese 

Spanwise location, percent b/2 

.... 40.300 

64.630 

45.724 

Spanwise location, in 

.... 9.167 

14.700 

10.400 

Location of inlet from nose, in 

.... 23.864 

39.576 

29.592 

Angle between chord plane and center line of 
nacelle 

.... 0 

-3 

0 

Maximum nacelle cross-sectional area, sq in. 

.... 6.08 

6.08 

13.60 
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TABLE IV.- CAMBERED WING GEOMETRY (SEE KK. 5) 
[All. letter dimensions are defined in fig. 5J 


(a ) C3grdl.ime8 ol mean chord ) lne . 


Nondin'enaional 

coordinates 

Typical span 
station 
Y - 12.000 In. 

x/y 

Z/Y 

X, In. 

Z, in. 

0 

0.0286 

0 

0.343 

.0175 

.0231 

.210 

.277 

.0355 

.0196 

.424 

.255 

.0556 

.0367 

.6*13 

.200 

.0722 

.0141 

.066 

.169 

.0911 

.0119 

1.094 

.142 

.1106 

.0090 

1.327 

.110 

.1304 

.0080 

1.565 

.096 

.1506 

.0063 

1.807 

.076 

.17:3 

.0049 

2.056 

.059 

■ .1924 

.0036 

2.309 

.043 

.2140 

,0024 

2.569 

.029 

.2361 

.0014 

2.634 

.017 

.2580 

.0007 

3.106 

.008 

.2819 

.0002 

3.384 

.002 

.3056 

0 

5.660 

0 


(b) Coordinal es of airfoil section. 


Chordwl ne 
airfoil ordinates 

Typical span station 
Y * 12.000 In. 

Percent 

Nondimensional 

A, 

B, 

Ordinate. 

llne^ 

ordinate 

in. 

In. 

in. 

0 

0 

0 


0 

.156 

.236 

.032 


.048 

.313 

.332 

.064 


.068 

.625 

.466 

.120 


.096 

.938 

.567 

.192 


.116 

1.250 

.65] 

.256 


.134 

2.500 

.902 

.513 


.185 

3.750 

1.090 

.7o9 


.224 

*>.000 

1.230 

1.025 


.252 

7.500 

1.454 

1-530 


.298 

10.000 

1.620 

2.051 


.352 

15.000 

1.841 

3.076 


.578 

20.000 

1.965 



.40} 

25.000 

2.024 


5.126 

.415 

50,000 

2.040 


6.151 

.418 

55.000 

2.027 


7.177 

.416 

40.000 

1.988 


8.202 

.408 

45.000 

1.924 


9.227 

• 395 

5 0.000 

1.839 


10.252 

.377 

55-000 

1.731 


11.277 

.355 

60.000 

1.6o4 


12.303 

• 329 

65.000 

1.453 


13.320 

■ 299 

70.000 

1.295 


14.353 

.2 66 

75.000 

1.117 


15.378 

.229 

80.000 

.924 


16.404 

.189 

85.000 

.719 


17.429 

.147 

90.000 

• 50£ 


I8J154 

.103 

95.000 

.276 


19.479 

.057 

100.000 

0 


20.5Q4 

0 

L.E, radius 

.103 



.030 

c B 



20.504 


Ca 


20.507 




I 


^This column la In percent I forward of the point of tangency and percent T aft 
of this point. 
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TABLE V.- DIMENSIONS FOR INBOARD SPLIT NACELLE (SEE FIG. 6 ) 

|A11 dimensions are in inches} all letter dimensions 
are defined in figure 6 1 


8.000 10.667 


14.667 


17-535 


Nacelle radii 

Station 

Radius H 

Radius J 

0 

0.920 

0.900 

.125 


.932 

.250 


• 955 

.500 


.982 

.667 

I.O67 


.750 


.992 

1.000 


• 993 

1.250 


1.000 

1.333 

1.167 


2.667 

1.255 


4.000 

1.267 


16.000 

1.267 

1.000 

17. 353 

1.233 

.915 

18.667 

1.040 

.807 


Nacelle spike reel 


Station 

Radius 

- 1.000 

0 

-.500 

.233 

0 

.467 

.500 

.563 

1.000 

.532 

1.500 

.449 

2.000 

• 375 

2.500 

.375 

2.750 

.375 

3. 500 

• 352 

4.000 

.513 

4.500 

.235 

5.000 

.100 

5.250 

0 










































2.667 1.259 


4.000 1.267 


5.333 


6.667 


B.000 


9.333 


10.667 


12.000 


13 333 


14.667 


16 000 1.267 


Dimension 


M N 


907 I 1.669 .907 1.641 | .428 | I 142 


Note All letter dimensions defined on figure 7. 


.733 


.800 


,867 


.933 .840 .903 


1.000 1.045 1.051 


I 067 1.464 1.064 
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TABLE VII.- DIMENKIOMfi I- OR UIaMESK NACELLE AND PYLOH FAIRING (SEE vil. c ) 
IaU dJiuencioDS are ir. Inches) 



(b) Ordinates of the faired pylon at several nacelle stations, measured in a plane perpendicular to the nacelle center line. 



*4l, J, W, 'and U dimensions same as those for the split nacelle (see table 3 ). All letter dimensions are defined in figure 8. 



A 


* 1 
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Figure 1.- Sketch of two-engine delta -wing airplane model and wind-tunnel 
sting assembly. See table I for additional dimensions. 
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L-78361 

Figure 2.- Three-quarter front view of the two-engine delta -wing airplane 
model mounted in the Langley l6-foot transonic tunnel. 
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Typical section 

No scale See table n for nacelle and nacelle spike dimensions. 


Figure 5* - Nacelle and nacelle spike configuration for the two -engine 

delta-wing airplane model. 
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Figure 14 -.- Four-engine delta -wing airplane model with split nacelles 
See table III for additional information. (All dimensions are in 
inches. ) 
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Figure 5 .- Details of the cambered-wing construction for the four-engine 
delta -wing airplane model. See table IV for dimensions not given 
on the figure. (AH dimensions are in inches. ) 
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Nacelle iiaiun 0 

Wing Motion 1 333 




Rear view of nacelle 
station l«lW»7 showing 
lowrtion v>l base picsw* 
onficies 


Figure 6.- Geometry of inboard split nacelle and nacelle strut. See 
table V for dimensions not given on the figure. (All dimensions 
are in inches. ) 
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Nacelfe staftf n 0 
Wing station 17067 
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Figure 7*- Details of outboard split nacelle. See 
sions not given on the figure. (All dimensions 


table VI for dimen- 
are in inches. ) 
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Figure 0.- Sketch of 
sions not given 


Siamese nacelle and. strut. See 
on the figure. (All dimensions 


table VII for diinen- 
are in inches. ) 
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(a) Plane wing; split nacelles. 


L- 81732 



(b) Cambered wing; Siamese nacelles. 


L-81581 


Figure 10. - Front views of the four-engine delta-wing airplane model 
mounted in the Langley l6-foot transonic tunnel test section. 
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Mach number, M 


Figure 13. - Effect of Mach number 
internal- force coefficient for 


on pod base-pressure coefficient and 
two-engine delta -wing airplane model. 
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Figure l4.- Variation of base-force coefficient, internal -force coeffi- 
cient, and point mass-flow ratio with angle of attach ^or a range of 
Mach numbers. Four-engine delta -wing airplane model with plane wing, 











Lift coefficient, Cj_ 


(a) 5 = 0°. 

Figure 15 . - Aerodynamic characteristics of the four-engine delta -wing air- 
plane models (plane and cambered wing) with split nacelles. Flagged 
symbols indicate cambered-wing model. 
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Figure 15.- Concluded 
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(c) Cambered wing ; 
Figure 16.- Coi 
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Figure 17*- Aerodynamic characteristics of the four-engine delta -wing air' 
plane models (cambered wing and plane wing) without nacelles. S = 0°. 
Flagged symbols indicate cambered-wing model. 
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(a) Pod wing off. 

Figure 19 . - Aerodynamic characteristics of the four-engine delta -wing air- 
plane model with plane -wing split nacelles for several pod modifications. 
S = 0°. 
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(b) Pod wing faired into un 


Figure 19' 
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(d) Pod wing, ventral fin, and canard off 
Figure 19.- Concluded. 
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(a) Cjj against M. 


Figure 20.- Variation of drag coefficient with Mach number and cross- 
sectional area diagrams for the four-engine and two-engine delta-wing 
airplane models and model 1 (ref. l). 5 = 0°. 
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( b ) Area diagrams . 


Figure 20, 


Concluded 








Minimum drGg coefficient , Cq 



Mach number , M 


(a ) Cp against M. 

Figure 21.- Variation of drag coefficient with Mach number and cross- 
sectional area diagrams of the four-engine delta -wing airplane model 
with plane-wing split nacelles for various pod modifications. 6=0°. 
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Figure 22.- Variation of drag coefficient with Mach number and cross- 
sectional area diagrams of the four-engine delta-wing airplane model 
with plane wing for several nacelle configurations. 8 * 0°. 
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(b) Split nacelles. 

Figure 23 . - Effect of .Mach number on the reduction in drag coefficient 
due to camber at lift coefficients of 0 . 15 , 0 . 20 , and 0.25 for the 
four -engine delta-wing airplane models. 5=0°. 
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Figure 2k. - Effect of camber on drag due to lift at a Mach number of 0.90 
for the four-engine delta-wing airplane models. 5=0°. (Flagged sym- 
bols are for cambered wing. ) 
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Figure 25 .- Variation of maximum lift-drag ratio and lift coefficient for 
maximum lift-drag ratio with Mach number for the four-engine delta-ving 
airplane models. 8=0°. 
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Figure 26.- Variation of the lift-curve slopes with Kach number for the 
four -engine delta -wing airplane models. 5 = 0°. 
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Figure 2d. - Effect of Mach number on the slope of pitching-moment coef- 
ficient against lift coefficient for the four-engine delta-wing air- 
plane models. S = 0°. 
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Figure 30. - Variation of elevon effects 
ber for the four-engine delta- 
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Figure 31.- Variation of elevon angle, angle of attack, drag coefficient, 
and lift-drag ratio at trim (maintaining a 3-percent static margin and 
a lift coefficient of 0.25) with Mach number for the four-engine delta- 
wing airplane models. 
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